1
3 8
typically receives more snow than does the Pacific Ocean side (Fig. S1c ). The Japanese Our analyses were based on butterfly census data, which includes records of 273 1 5 0 species/subspecies of butterflies from the entire Japanese archipelago, available on the 1 5 1 1 7 0 were unreliable. Second, we excluded three non-herbivorous and four 1 7 1 gymnosperm-feeding species (for details, see Table S1 ). After non-target species (those 1 7 2 with taxonomic changes and non-angiosperm feeders) were removed, the remaining 1 7 3
3,358 records of host plants were selected and converted to plant-genus resolution for 1 7 4 further analyses.
7 5
To describe the overall degree to which species are specialized to their hosts, for each 1 7 6 grid cell, we estimated the alpha parameter of the discrete truncated Pareto distribution 1 7 7
fitted to numbers of host genera for all butterfly species occurring within the cell 1 7 8 (Forister et al. 2015; Kozubowski et al. 2015) . Higher values of the Pareto alpha 1 7 9
indicate higher incidence of species with relatively narrow host breadth in the 1 8 0 community.
8 1
For each cell, we also calculated the community mean and divergence (based on 1 8 2
Rao's Quadratic Entropy; RaoQ) for both phylogenetic host breadth and butterfly body (Table S6) , including both of these correlated 2 3 2 variables may be informative (see justification with respect to multicollinearity in 2 3 3
Supplementary text 3). For example, there is a strong negative correlation between 2 3 4 latitude and annual mean temperature, but the ingredient of the partial effect of latitude 2 3 5 may include other ecological factors that were not considered in this study, such as 2 3 6 variation in day length and length of active season. Prior to analyses, two types of grid 2 3 7 cells were excluded from the dataset: (1) cells with p < 0.05 according to a chi-square 2 3 8 1 0 Across the Japanese archipelago, butterfly species richness increased towards lower 2 6 8 latitudes (south) and higher elevations, and both mean and divergence of butterfly body 2 6 9 size increased toward lower latitudes ( Fig. 1 ). Pareto alpha, which indicates the degree 2 7 0 of concentration of species having narrower host breadth, increased towards higher 2 7 1 latitudes (north), and phylogenetic host breadth mean and divergence decreased towards 2 7 2 higher latitudes (Table S6 ).
7 3
Of the total of 4673 grid cells of the Japanese archipelago, 2542 passed our filtering phylogenetic host breadth were non-significant and therefore removed during the 2 7 8 processes of model simplification (Tables 2, 3 ).
7 9
Of the many factors affecting host breadth, annual mean temperature was most 2 8 0 strongly associated with host breadth in both SEM models (Tables 2, 3 2). There were negative correlations between Pareto alpha and mean and divergence of 2 8 5 body size (Table 2 , Fig. 2a ). Also, there was a positive correlation between phylogenetic 2 8 6 host breadth mean and body size mean; phylogenetic host breadth mean and body size 2 8 7 divergence; and phylogenetic host breadth divergence and body size divergence ( Table   2 8 8 3, Fig. 2b ).
8 9
Butterfly species richness was driven by annual precipitation, annual maximum depth 2 9 0 of snow cover, latitude, and elevation. Based on standardized estimates, elevation was 2 9 1 1 2 the strongest (positive) driver of butterfly species richness, while latitude was the 2 9 2 second most effective (negative) predictor ( Table 2 , 3).
9 3
Mean of butterfly body size was strongly driven by annual mean temperature 2 9 4 (positively) and latitude (negatively), while the effects of annual precipitation, annual 2 9 5 maximum depth of snow cover and butterfly species richness were relatively weak 2 9 6 (Tables 2, 3, Fig. 2 ). Butterfly body size divergence was driven by latitude, annual mean 2 9 7 temperature, annual precipitation, and butterfly species richness. Of these, latitude 2 9 8 strongly and negatively influenced body size divergence (Tables 2, 3, Fig. 2 ).
9 9
Furthermore, there was a positive correlation between butterfly body size mean and 3 0 0 divergence ( Table 2 , 3, Fig. 2 ).
0 1
The significances and the strengths of major paths that were associated with host 3 0 2 breadth and butterfly body size were consistent when re-running the final models with 3 0 3 datasets of observed distributions (Table S3 ), null model 2 (Table S4) , and the two 3 0 4
alternative criteria for minimum number of butterfly species per grid cell (Table S5 ). communities. According to our results, host breadth of butterfly communities was most 3 1 5 strongly associated with climatic factors (i.e., annual mean temperature, annual 3 1 6
precipitation, annual maximum depth of snow cover), a geographic factor (latitude), and 3 1 7 butterfly species richness. Specifically, the mean and divergence of host breadth of 3 1 8 1 3
butterfly communities were higher where temperatures were higher. Furthermore, grid 3 1 9 cells having high butterfly diversity showed broader and more divergent host breadths.
2 0
The trend of broader and more divergent host breadths within communities towards 3 2 1 lower latitudes could be produced by relaxing of physiological constraints by increasing 3 2 2 the amount of energy, thus reducing the relative importance of abiotic environmental 3 2 3 filters and allowing for wider variation in niches (Park 1949 , Fisher 1960 . Read et al.
2 4
(2018) suggested that relaxing of physiological constraints together with stronger biotic 3 2 5
interactions among species towards the tropics leads to increased resource specialization, 3 2 6
which is opposite to our finding. We note that the existence of strong interspecific 
4
Along the focal latitudinal and climatic gradients, many other variables than host 3 3 5 breadth also change jointly or independently (e.g., both body size and diversity of 3 3 6 butterflies). Teasing apart the directionality of causalities among these patterns In order to elucidate the detailed drivers of host breadth in Japanese butterflies, we 3 6 0 attempted to include as many factors as possible in our analyses, but our results also Unfortunately, we were not able to directly study the effect of regional plant diversity 
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Table S1. The Japanese butterfly species analyzed in the present study. 
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